The rotation of a test spiral galaxy with two contributors -the disc and the corona -is considered. The disc is exponential, whereas the corona is the dark subsystem. For the latter several variants of mass distribution are considered. It is found that the homogeneous sphere is almost unavoidable if the circular velocity has a continuous increase, at least in its observable part. On the other hand the rather often applied quasi-isothermal law offers the most satisfactory fit for the case of constant circular velocity though the classical Schuster law may also be used, especially taking into account its simplicity and the consequent possibility of generalising its potential towards the more general case of axial symmetry.
INTRODUCTION
It is rather well known that for many spiral galaxies the velocity of rotation, i. e. circular velocity, remains roughly constant out to large radii (e. g. Ashman, 1992; Samurović, 1998) . In some of them it has been noticed that the circular velocity is even increasing at sufficiently large radii (e. g. Gorbatskij, 1986) . This observational fact, as well known, is usually attributed to the presence of the dark matter. In the present paper the structure formed by the dark matter will be called corona. In Ashman's review, for example, a discussion of various mass distributions within the coronae of spiral galaxies is presented. On the other hand one should also take into account that in many instances a concrete knowledge of the potential is required and, therefore, some sufficiently simple functions deserve attention (e. g. Ninković, 1992) .
The present study is, thus, concentrated on three different forms of the density-radius dependence in the framework of the assumed spherical shape for the corona.
THE MASS DISTRIBUTION IN THE CORONA
In the present paper for the mass distribution in the corona of a spiral galaxy one assumes it to comply with the generalised Schuster density law, particular case β = i 2 (Ninković, 1998) . As the three forms of the density-radius dependence, mentioned in the previous section, one considers those involving i = 0, i = 2 and i = 5. These three particular cases are known in the literature as corresponding to homogeneous sphere, quasi-isothermal law and classical Schuster law, respectively. Considering that spherical symmetry is assumed for the corona and that the three cases assumed above yield analytical solutions for the cumulative mass, the calculation of its contribution to the circular velocity is very simple.
RESULTS
The adequacy of each of the mass distributions indicated in the previous section is examined, as natural, through its fit to a given rotation curve. Two general cases of rotation curves (RC) of a spiral galaxy are considered: RC remaining flat over sufficiently large radii and RC still rising at sufficiently large radii. In order to perform the corresponding calculations one must also take into account the contribution of the seen matter. As well known, this kind of matter is usually split into two principal subsystems: the bulge and the (thin) disc (e. g. Ninković, 1992) . However, since the contribution of the former to the total gravitation field of a spiral galaxy is important in its inner parts only, while for the present purpose the more distant parts are of interest, the bulge contribution will be neglected, i. e. only the disc and the corona will be taken into account. For the disc matter it is assumed that it obeys the exponential mass distribution (e. g. Freeman, 1970) . The RC (more precisely circularvelocity) given in Freeman's paper is treated here up to the distance of 6 R d (R d scale length of exponential disc -details in Freeman's paper). In this way a set of circular velocity values (disc contribution) taken with step 0.1 R d expressed in terms of GM d /R d is obtained where G and M d are gravitation constant and total disc mass, respectively.
In order to obtain the circular velocity of a spiral galaxy as a function of the distance to its rotation axis one should simply sum the squares of the circular velocities due to the two contributors. Since three different mass distributions are considered for the corona, in this way one can obtain three different RC. Each one of them corresponds to one of the mass distributions assumed above for the corona since the disc contribution is fixed. Clearly, here arises the question of the parameter ratios. This problem is solved generally by assuming that the disc is dominant in the inner parts; for example at the maximum of the circular velocity due to it, taking place at about 2 R d , the disc fraction in the circular-velocity square exceeds 86 %. Therefore, only at distances about 4-5 R d the contributions of the two subsystems will be approximately equal. This assumption is based on the fact that the disc of a spiral galaxy is expected to be maximal, i. e. dominant in the inner parts (e. g. Sackett, 1997) . Now the particular approach will differ for each one of the three mass distributions assumed for the corona. In the case of the homogeneous sphere there is only one parameter -the density. Its amount is found on the basis of the considerations refered to in the preceding paragraph. Considering that in this case the corona contribution to the circular velocity increases continuously, it is clear that equality of the two contributions should be attained sooner than in the other two models, say at about 4 R d . As for the mass of the corona, expressed in terms of the disc mass, it is possible to specify the lower limit only which, clearly, depends on the radius within which the present problem is studied (6 R d ). If the quasiisothermal sphere is considered, then there are two Fig. 1 parameters -the central density and the characteristic radius (e. g. Ninković, 1998) . Both can be obtained on the basis of the requirements given in the preceding paragraph, but it should be taken into account that this time the equality of the two contributions to the square of the circular velocity occurs at about 5 R d . As for the limiting radius of the corona, i. e. its total mass (it must be limited in space -e. g. Ninković, 1998) , one can obtain its lower limit only and this is the cumulative mass of the corona (e. g. Ninković, 1998) within the range of 6 R d just as in the homogeneous-sphere case. Finally, in the third case (classical Schuster law is applied), there are also two parameters, this time the characteristic radius and the total mass (e. g. Ninković, 1998) . Both can be obtained from the same conditions as in the case of the quasi-isothermal sphere, i. e. the fraction of the disc at the maximum of its contribution to the circular-velocity square will be, as said above, over 86 % and the equality of the two contributions occurs again at about 5 R d .
Fig. 1. An increasing rotation curve: distance unit
R d , velocity unit ( GM d R d ) 1
Fig. 2. A flat rotation curve: distance and velocity units as in
The curves obtained according to what is laid out above are presented in Figs. 1-2. As can be seen, the homogeneous sphere yields an increasing circular velocity (at least within the radius enclosing the region subjected to analysis). This could be the case of a spiral galaxy in which the increase of circular velocity has been observed even at distances of several R d . Bearing in mind the evident simplicity of the homogeneous sphere it could be recommended as a model for the dark corona in such cases. However, if one treats the case of circular velocity constant over a sufficiently wide area around the axis of rotation, then the other two models of mass distributions are preferred. This especially concerns the quasi isothermal sphere though the classical Schuster law could not be easily rejected. The latter has an advantage since the expressions for the cumulative mass, i. e. potential, offered by it, are very simple; they contain algebraic functions only (e. g. Ninković, 1998) and therefore they can be easily generalised to comprise the more complicated case of axial symmetry. This is important for those cases in which explicit expressions for the potential are necessary (e. g. Ninković, 1992) .
DISCUSSION AND CONCLUSIONS
Among the three alternative models for the dark corona of a spiral galaxy considered here the homogeneous sphere, taking into account especially its simplicity, appears as the best solution to accounting for a galaxy's rotation curve which still shows rising, even at distances as large as about, for example, 6 disc scale lengths. The other two -the quasi-isothermal sphere and the one conforming to the classical Schuster law appear as satisfactory approximations in the case of a rotation curve flat over a significant area around the axis of rotation. The latter one, though at first glance may seem less suitable, due to its simple potential expression is very applicable. It should be also emphasized that the value yielded by the Schuster sphere for the total mass of the corona is, in fact, the lower limit only because it is inferred from a study of the rotation curve and such studies, as well known, can indicate the lower limits only.
DOPRINOS TAMNE MATERIJE KRIVOJ ROTACIJE SPIRALNIH GALAKSIJA I ǋENA RASPODELA MASE

S. Ninkovi
Astronomska opservatorija, Volgina 7, 11160 Beograd-74, Jugoslavija UDK 524.726 Originalni nauqni rad Razmatra se kriva rotacije probne spiralne galaksije sa doprinosom diska i korone. Disk je eksponencijalan, a korona je taman podsistem. Za ǌu se razmatra vixe varijanti raspodele mase. Na eno je da je homogena sfera skoro nezaobilazna ako kru na brzina bele i stalan rast, bar u onom delu koji se mo e posmatrati. S druge strane dosta qesto korix eni kvaziizotermni zakon najboǉe zadovoǉava sluqaj konstantne kru ne brzine premda klasiqni Xusterov zakon mo e tako e da se upotrebi, naroqito kada se ima u vidu ǌegova jednostavnost i kao posledica mogunost uopxtavaǌa ǌegovog potencijala na opxtiji sluqaj obrtne simetrije.
